Probes labeled with 33P have potential for widespread use in in situ hybridization because they are better able to detect relatively scarce " A s compared with probes labeled with 3%, but the relatively short half-life of 33P is a &advantage when it is used as a radioactivity standard for quantitative autoradiography. ' Ib determine if plastic sections containing 14C can be used as standards for quantitative autoradiography with 33P, we co-exposed 33Plabeled liver pane sections and '*C-plastic standad to Hyperfilm pmax. The autoradiographic response of Hyperfilm pmax to these 1 6 Day 1 J 2 0 4 J J
Introduction
The recent commercial availability of 33P-labeled nucleotides has generated interest in the use of this isotope for in situ hybridization (ISH), as its emission energies are higher than 3>S but lower than 32P, and it produces autoradiographic resolution comparable to 35S (6,8,10,11). For labeling of oligonucleotides (7) or riboprobes (3) targeted to relatively scarce mRNAs, such as those for central nervous system receptors, 33P may be superior to 3%. In quantitative ISH, film densitometry is used to relate an autoradiographic image to the amount of radioactive probe that produced the image. A detailed explanation of the theory and practice ofthe method has been published (1) . Tissue-equivalent radioactivity standards would facilitate quantitative ISH with 33P by computer densitometry. It is possible to prepare tissue paste standards containing dfierent concentrations of 33P, but tissue paste (usually brain or liver) standards have several inherent disadvantages: (a) preparation of radioactive standards is laborious and contaminates the cryostat; 
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be prepared frequently because of the short half-life (25 days) of 33P (6,8). These disadvantages have been overcome for other isotopes commonly used for quantitative autoradiography (3H, lZ5I, 3%) by using calibrated plastic sections impregnated with a stable isotope such as 3H or 14C (1,2,4,5,9). In this report we present a method for calibrating the relative optical density (ROD; see ref.
1) of Hyperfilm pmax (Amersham; Arlington Heights, IL) to commercially available [ 14C]-methacrylate plastic standards (American Radiolabeled Chemicals; St Louis, MO) in terms of tissue-equivalent 33P concentrations. Liver paste was labeled with 33P, cryosections were prepared, apposed to Hyperfilm pmax with 14C standards, and exposed for various periods of time. 33P radioactivity was determined by scintillation counting. Resulting film ROD values for I4C standards and 33P-labeled tissue sections were obtained by film densitometry. Subsequent analysis permitted derivation of equations that can be used to determine absolute levels of 33P in tissue sections. , and incubated at room temperature for 1 hr. The reaction mixture was centrifuged at 14,000 rpm for 5 min at 4'C. Aliquots of supernatant (0.5-100 NI) were mixed with 0.5 ml unlabeled liver homogenate in microcentrifuge tubes, and then 20 pI of 5 % glutaraldehyde (EM grade; Polysciences, Warrington, PA) was added and each tube was centrifuged at 14,000 rpm (Tomy Microcentrifuge; Tomy Tech USA, Palo Alto, CA) for 10 min at 4'C. The supernatant was discarded and the packed samples allowed to stand overnight at 4'C. The tubes were partially frozen, the bottom one third was removed using a razor blade, and the remaining cylindrical plug was removed from the microcentrifuge tube and completely frozen on dry ice. Cryostat sections were thaw-mounted onto gelatin-coated slides and dried for 1 min at 37°C on a slide warmer. Slides with labeled liver paste sections were placed in an X-ray cassette with two 1O-pm thick '*C standards (model ARC 146; American Radiolabeled Chemicals) and apposed to Hyperfilm pmax (Ameaham). Films were developed in Kodak D-19 for 4 min at 20'C. Sections of liver paste used for direct counting of radioactivity were collected into scintillation vials containing 100 pl Soluene 350 tissue solubilizer (Packard Instrument; Downers Grove, IL) sonicated for 30 min. and allowed to stand overnight; sufficient 1 M HCI was added to neutralize the tissue solubilizer. Then 5 ml ScintiVerse E (Fisher; Pittsburgh, PA) was added and samples were counted. Radioactivity (corrected for quenching and background) was expressed as disintegrations per minute (DPM). Sections were apportioned between autoradiography and scintillation counting by collecting four adjacent sections onto a slide, and then the next three sections were collected in scintillation vials. This was repeated for six slides from each 33P-labeled liver paste Concentration. Quantification of the autoradiographs produced by 33P tissue paste and '*C-plastic sections was done with an MCID computer image analysis system (Imaging Research; St Catherines. Ontario, Canada) using M1 version software. ROD (1, 4) and area (mm2) of autoradiographic images were determined from two to six sections. Similarly, measurements of '*C-plastic standards were made from two standard slides per sheet of Hyperfilm pmax.
Materials and Methods

Results
To evaluate the influence of section thickness on autoradiographic film density, liver sections 4-60 pm thick labeled with one concentration of 33P were apposed to Hyperfilm pmax for 22 hr. Two to six replicate sections were used for each nominal section thickness. The film ROD increased with increasing section thickness over the full range of 4-60 pm (Figure l ), but the rate of increasing ROD with thickness was approximately linear between 4 and 30 pm (Y = 0.982). To determine if this result was due to unequal penetration of the isotope into the thicker sections, sections were counted for total radioactivity via liquid scintillation counting. The total radioactivity/mm2 increased linearly with section thickness (Figure  1, inset) , indicating that the non-linear increase in film ROD with section thickness was not due to non-uniform penetration of the isotope. It is important to note that the actual section thickness when apposed to the film was less than the nominal section thickness when cut at the cryostat, since the section on the slide was dried. The values used here for section thickness are the nominal thickness when sectioned by the cryostat, since this variable is conveniently measured and reproduced in the laboratory.
To calibrate %-plastic standards for 33P autoradiography, labeled liver sections (30 pm thick) were apposed to Hyperfilm Bmax with 10-pm thick '*C-plastic standards for 1-7, 10, and 14 days. For each exposure period, liver paste section film RODs vs DPMI mm2 were plotted (Figure 2 ). Using least-squares regression and- ysis, the relationship between ROD and DPM/mm2 was closely fitted by second-order polynomial equations ( Table 1 ). The equations were used to derive tissue-equivalent radioactivity from the RODs produced by the 14C standards ( Table 2 ). These can be used with ARC 146 standards (American Radiolabeled Chemicals) when 33P is used for ISH.
To determine if autoradiographic calibrations were accurate for each exposure period, the 33P D P M / m 2 was determined from Figure   2 . To obtain the 3JP radioactivity associated with the ROD of a tissue section on a f h autondiograph, the procedure ourlined in deuil by Baskin (1) is followed: almost identical for I4C and 33P over the range of radioactivity and exposure periods reported here.
Discussion
To determine the level of radioactivity in a tissue section it is necessary to measure relative optical density in specific anatomic areas of interest and to utilize a standard curve relating film ROD and radioactivity (1) . This is achieved by exposing radioactively labeled tissue sections and standard slides containing sections that have known concentrations of radioactivity to film. The use of plastic standards is convenient, but they must be calibrated in terms of tissue-equivalent radioactivity concentrations. We found that the relative optical density of Hyperfilm pmax could be calibrated to 14C-plastic standards in terms of tissue-equivalent 33P concentrations.
The response of Hyperfilm pmax to 33P was non-linear at all exposure periods up to 14 days. Similar results have been observed with other radioisotopes (2, 4) . The second-order polynomial equations derived from this study ( Table 1) can be used to calibrate any set of I4C-plastic standards by substituting the measured ROD produced by a plastic standard (x) and solving for the radioactivity in liver paste sections (r). These equations are valid for the following conditions: (a) Hyperfilm pmax; (b) 30-pm cryosections; (c) plastic sections 10 pm thick or greater; and (d) identical exposure periods. Derivation of a common equation, as done for calibration of standards for other isotopes (2,12), is not presented because the present equations reasonably cover the period up to U days, and extrapolation beyond 14 days is risky, particularly because 33P has a half-life of about 25 days. As an alternative to using the equations given in Table 1 , one can determine tissue-equivalent radioactivities for 14C-plastic standards using the values in Table 2 . These are valid for the same exposure periods used in Table 1 .
The response of the film to.increasing section thickness is nonlinear, at least up to 50 pm. This non-linear effect of section thickness and film ROD is not due to less penetration of radioactivity into the thicker sections, since the total radioactivity increased linearly with section thickness. Within the range of most sections used for ISH (e.g., 15-40 pm), however, the film density is influenced by section thickness, although it appears that variations of a few micrometers would not have a large effect on film ROD. This property suggests, therefore, that uniformity of section thickness is important to obtaining consistent results, although small deviations in average section thickness in this range would not lead to significant errors.
In summary, '*C-plastic standards can be conveniently calibrated for quantitative 33P levels in tissues using the method described here.
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